Simplification
of the media for the microbiological determination of amino acids can be accomplished in some instances by replacing most of the amino acids with natural products. This can be done when means are available for preferentially destroying or removing one or more of the amino acids in the natural material.
Thus, a medium containing aoidhydrolyzed casein has been used by Greene and Black (1) for the determination of tryptophane and the medium used by Lewis and Olcott (2) for the determination of glutamic acid contained a casein hydrolysate from which the glutamic acid had been removed by autoclaving at pH 2.9 and extracting with ethyl acetate.
The preferential oxidation of methionine with hydrogen peroxide was studied by Toennies and Callan (3) . A method for removing not only methionine but also cystine, tryptophane, and tyrosine from peptone preparations by the use of hydrogen peroxide has been described by Lyman et al. (4) . It was shown that this type of preparation was satisfactory for use in media for microbiological tests. The present communication describes a method for the determination of methionine with Leuconostoc mesenteroides as the test organism and a medium in which most of the amino acid nitrogen is supplied by hydrogen peroxide-treated peptone.
One of the most useful methods for testing the reliability of assay values obtained by microbiological methods is to carry out the tests with more than one organism and, when practical, with more than one assay medium. In this investigation Streptococcus faecalis R was used as a second organism. Although hydrogen peroxide-treated peptone can be used in media for use with Streptococcus faecalis R, pure amino acids were used instead in order that the medium as well as the organism should be different in the comparative tests.
Inasmuch as the methionine values obtained by Stokes (5) ,and coworkers with Streptococcus faecalis R are somewhat lower than most of the values obtained by chemical methods, it seemed desirable to determine methionine on the same hydrolysates with a chemical method as well as with the two microbiological methods.
The calorimetric method of McCarthy and Sullivan (6) , as modified by Csonka and Denton (7), was chosen for this purpose.
EXPERIMENTAL

Determination of Methionine with Leuctinostoc Mesenteroides
Organ&m-Lewonostoc mesenteroides P-60 was maintained by weekly transfers as stabs in solid medium containing the following ingredients: peptoniaed milk 1 per cent, tryptone 1 per cent, filtered tomato juice 200 ml. per liter of medium, agar 1 per cent. Washed cells from 18 hour cultures grown on a liquid medium of the same composition as above, except for the omission of the agar, were used to inoculate the tests. Medium-The composition of the medium used for the determination of methionine with Leuconostoc mesenteroides is given in Table I . The glucose, ammonium chloride, and sodium acetate are added as solids and the rest of the ingredients from stock solutions preserved with a little toluene and stored in the refrigerator.
The stock solution of hydrogen peroxide-treated peptone is prepared as follows: 50 gm. of Bacto-peptone are dissolved in 250 ml. of water and 250 ml. of 2 N HCl are added after the peptone is completely dissolved. 0.025 mole of hydrogen peroxide (2.8 gm. of 30 per cent HBOS) is added and the solution allowed to stand overnight at room temperature. The material is then steamed for 30 minutes at atmospheric pressure, stirred while hot, cooled, neutralized with sodium hydroxide, and steamed again, this time for 1 hour. The purpose of the second steaming is to decompose any hydrogen peroxide which is not used up by the oxidative reactions. The preparation is ready for use after diluting to a final volume of 1 liter. A reagent grade of hydrogen peroxide which does not contain any preservative should be used. In the preliminary phases of this investigation more hydrogen peroxide was used than is recommended here. An improvement in the medium was obtained when the treatment of the peptone was carried out as indicated above.
Assay Procedure-Titration of the acid produced after 4 days incubation was used as a measure of the growth of the organisms. The general procedure for carrying out the assays was the same as previously used for amino acid assays with Lactobacillus arabinow (S), with the following exceptions: A constant temperature water bath at 35" was used instead of an incubator.
The period of incubation was 4 days instead of 3 days. Standard Curve-A typical standard curve is shown in Fig. 1 . . . 400 c;
. and sodium citrate exert a strong buffering action at a pH range closer to neutrality than the effective range of an acetate buffer. The result of using either of these substances as buffers in media for Streptococcus faecalis R is to increase markedly the amount of acid formed by the organism.
Sodium succinate has the advantage of producing less caramelization upon sterilization of the medium.
Assay Procedure-With a few exceptions, the method of handling the organism and of conducting the tests with Streptococcus faeculis R was the same as for Leuwnostoc Standard Curve-A typical standard curve is given in Fig. 2 .
Determination of Metbionine by Colorimettic Method
The method used was that of McCarthy and Sullivan (6), as modified by Csonka and Denton (7). The phospho244ungstic acid used for the precipitation of the basic amino acids was prepared according to the method of Wu (9) . 
Hydrolysis of Proteins and Foodstu$s
Except when otherwise stated, the proteins and foodstuffs were hydrolyzed by refluxing 0.5 to 2.0 gm. samples with 100 ml. of 6 N HCI for 24 hours. Most of the hydrochloric acid was removed by distillation at reduced pressure on the water bath. The hydrolysates were then neutralized and diluted to 100 ml. in a volumetric flask. If a precipitant was present, it was removed by titration after diluting to volume.
Preparation of Egg Albumin
Egg albumin was prepared from fresh eggs. A crystalline product was obtained by the method of Kekwick and Cannan (10) then coagulated in hot water as described by Chibnall, Rees, and Williams (11) . RESULTS 
AND DISCUSSION
Before the hydrogen peroxide-treated peptone was adapted for use in the Leuconostoc methionine medium, various modifications of a medium containing pure amino acids were tried in an attempt to improve the regularity of the standard curves and the reproducibility of the assay values. No modification of the pure amino acid medium was found which gave as consistently satisfactory results as the treated peptone medium.
Specificity tests with Leuconostoc mesenteroides and Streptococcus faecalis R showed that neither organism can use the non-natural or d form of methionine and that pure dl-methionine is a satisfactory standard since it is exactly one-half as active as I( -)-methionine.
Homocystine and homocysteine were inactive for both organisms.
A study was made of the conditions necessary for the complete liberation of methionine from proteins by acid hydrolysis.
The following three hydrolysis procedures gave methionine values which were in excellent agreement: (1) refluxing for 24 hours with 6 N hydrochloric acid; (2) refluxing for 24 hours with 6 N sulfuric acid; and (3) autoclaving at 15 pounds pressure for 6 to 8 hours with 3 N hydrochloric acid. Although autoclaving with 1 N hydrochloric acid has been successfully used for the liberation of certain other amino acids, this procedure proved to be unsatisfactory for methionine.
Autoclaving for 8 hours or even longer with 1 N hydrochloric acid always gave low results.
Recovery tests with both assay organisms were carried out on a variety of different materials.
In some of these tests the methionine was added to the materials before hydrolysis and in other tests the metbionine was added to the neutralized hydrolysates.
Satisfactory recoveries ranging from 97 to 102 per cent were obtained with both types of tests. Agreement between the values obtained at different test levels was a little more satisfactory with Leuconostoc mesenteroides than with Streptococcus faecalis R.
As a preliminary experiment in the comparison of the three methods for determining metbionine, two mixtures of pure amino acids were analyzed for their methionine content.
With regard to the calorimetric method, evidence was desired concerning the following points: It is known that phosphotungstic acid precipitates carry down with them some of the monoamino acids. Does the use of phosphotungstic acid for the removal of the basic amino acids, as recommended by Csonka and Denton, result in an appreciable loss of methionine?
The second question is, does the glycine content of proteins and foodstuffs seriously interfere with the accuracy of this method? 
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Amino acid Test Mixture 1 (Table III) was patterned in a general way after the amino acid composition of casein. Since tryptophane is destroyed during acid hydrolysis, it was omitted.
Amino acid Test Mixture 2 was the same as Test Mixture 1, except that the glycine was increased from 5 to 166 mg. The ratio by weight of the methionine content to the glycine content in Test Mixture 2 was therefore 1:4. The results of the analyses given in Table IV indicate that the use of phosphotungstic acid for the removal of the basic amino acids does not result in a signilicant loss of methionine and that for the purpose of evaluatingfoodstuffs a glycine content of 4 times that of methionine does not seriously interfere with the usefulness of the method.
The figures given in Table IV are averages of values obtained at five different test levels.
Values for the methionine content of a few natural products as determined by the three different procedures are given in Table V . Possible sources of errors would be expected to be quite different in the chemical and microbiological methods. Substantial agreement between the values obtained by the three methods was therefore considered as evidence in favor of the reliability of the methionine analyses. In determining the methionine content of foodstuffs containing relatively large amounts of carbohydrates, one of the important problems is to make certain that the hydrolysis of the material is accomplished without undue loss of methionine as a result of humin formation or other causes. In this investigation an attempt was made to evaluate the effect of humin formation on the loss of methionine by hydrolyzing casein in the presence of various carbohydrates.
The casein carbohydrate mixtures were refluxed for 24 hours with 6 N hydrochloric acid. Methionine was then determined in the hydrolysates by three different methods. The data given in Table V show that a small but measurable loss of methionine did take place. These data suggest that the loss of methionine, which takes place when such products as wheat and corn are hydrolyzed with strong mineral acids, is probably not large enough seriously to interfere with the usefulness of the methionine values.
Further work is needed to find a method of eliminating this loss. Hydrolysis with hydriodic acid reduces the amount of humin formation but is unsatisfactory when microbiological methods are to be used for the determination of methionine because methionine is demethylated by hydriodic acid. It is known that basic hydrolysis results in the destruction of methionine. Because of better agreement at different test levels, the values obtained with Leuumostoc were considered to be the more accurate.
The ash content of, the casein sample was high, but the nitrogen content indicates that the sample was probably reasonably free from other impurities.
The methionine value for casein obtained with Leuconostoc The methionine content of crystalline egg albumin as reported here is in good agreement with the values obtained by Lavine (17) by both the periodide titration method and the homocystine method.
The figures previously reported by Kassell and Brand (14) are substantially higher. The literature values for the methionine value of crystalline egg albumin show considerably less agreement than is the case with casein. For example, Csonka and Denton (7) reported a value of 3.73 for the methionine content of their sample of egg albumin. The methionine values obtained in the present investigation by the use of Streptococcus faecdis R are significantly and consistently higher than those obtained by Stokes et al. (5) with the same organism but a different medium.
The methionine content of some foodstuffs is given in Table VII . These data were obtained by the use of Leuumostoc mesenteroides.
This investigation was supported in part by a grant from the American Meat Institute.
The authors wish to express their appreciation to the Lederle Laboratories, Inc., for the synthetic folic acid used in this investigation.
SUMMARY
A method for determining methionine in proteins and food&u& by the use of Leuconostoc mesenteroides is described. In this method a simplified The two microbiological methods were checked against each other and also against a calorimetric method for determining methionine.
Substantially the same values were obtained with all three methods.
Tests in which casein was hydrolyzed with acid in the presence of various carbohydrates showed that the presence of the carbohydrates during hydrolysis resulted in a small but measurable loss of methionine.
The methionine content of some proteins and foodstuffs is given.
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